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ABSTRACT
Purpose. To measure the morphology of the proximal 
femur in a Pakistani population. 
Methods. Standardised anteroposterior pelvic 
radiographs of 116 male and 20 female healthy 
volunteers aged 20 to 50 (mean, 33) years were taken. 
Morphologic dimensions of the proximal femur 
were measured, including canal flare index (CFI), 
morphological cortical index (MCI), femoral head 
offset, femoral head diameter, and femoral head 
position.
Results. Based on the CFI, 67% of the subjects had 
normal canal shapes (CFI, 3.0–4.7), whereas 1% and 
33% of the subjects had stovepipe shapes (CFI, <3) and 
champagne-flute shapes (CFI, 4.7–6.5), respectively. 
Based on the MCI, 29% of the subjects had cylindrical 
shapes (MCI, <2.7) and 71% had trumpet shapes 
(MCI, >2.7). 
Conclusion. Morphology of the proximal femur in 
our study population differed significantly from 
those in western populations, indicating regional 
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variation. It could also be due to the younger age of 
our population. 
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INTRODUCTION
In total hip replacement (THR), preoperative planning 
is important in determining the optimal prosthesis for 
each hip by matching the femoral canal shape.1 Long-
term complications of cemented THR, especially 
loosening of femoral components, has led to the use 
of cementless press-fit implants. Biological fixation 
of cementless implants requires primary stability by 
optimal fit in the proximal femur.2,3 A close geometric 
fit between the femoral component and supporting 
bone is essential for a durable fixation.6,7 Therefore, 
understanding the anatomy of the proximal femur 
and key femoral dimensions is essential. Existing 
press fit femoral stems seldom produce a desirable 
endosteal fit, especially in Asians.8 We measured 
the morphology of the proximal femur in a 
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Pakistani population and compared it with western 
populations.
MATERIALS AND METHODS
This was a cross-sectional, population-based study 
conducted at a tertiary care hospital. Anteroposterior 
pelvic radiographs of 116 male and 20 female healthy 
volunteers aged 20 to 50 (mean, 33) years were taken 
with a tube distance of 90 cm from the symphysis 
pubis. 134 (49%) of the subjects were aged 20 to 30 
years, 84 (31%) were 30 to 40 years old, and 54 (20%) 
were aged >40 years. Subjects with a history of any 
lower-limb fracture, especially the proximal femur 
and pelvic region, were excluded, as were subjects 
with difficulty in walking and bony disorders. 
 12 proximal femoral morphologic dimensions4 
were measured bilaterally by 2 independent 
observers, and compared with those reported in 
previous studies4,9 using the one-sample t test.
 The canal flare index (CFI) is defined as the ratio 
of the intracortical width of the femur at a point 2 
cm proximal to the lesser trochanter to that at the 
medullary isthmus (Fig.), and is used to classify 
the femurs into 3 shapes: normal, stovepipe, and 
Figure Measurements of the canal flare index and morphological cortical index.
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Table
Comparison of proximal femoral measurements with previous studies4,9
Proximal femoral measurements Present study Rubin et al.9 p Value Noble at al.4 p Value
Femoral head offset (mm) 41.9±6.9 47.0 0.001 43.0 0.06
Femoral head diameter (mm) 50.1±3.8 43.4 <0.001 46.1 <0.001
Femoral head position (mm) 56.0±6.5 56.1 0.99 51.6 <0.001
Canal width 2 cm above lesser 
trochanter (mm)
47.4±4.8 43.1 0.025 45.4 0.0036
Canal width at lesser trochanter (mm) 28.3±4.1 27.9 0.29 29.4 0.0042
Canal width 2 cm below lesser 
trochanter (mm)
21.1±3.1 21.0 0.69 20.9 0.43
Endosteal diameter at isthmus (mm) 11.0±2.1 13.1 <0.001 16.9 0.0011
Periosteal width at isthmus (mm) 27.9±3.4 26.7 <0.001 27.0 0.0039
Isthmus position (mm) 106.7±14.0 105.7 0.32 113.0 <0.001
Neck shaft angle 130.3º±6.1º 122.9º <0.001 124º <0.001
Canal flare index 4.47±0.93 3.36 <0.001 3.80 <0.001
Morphological cortical index 2.95±0.48 - - - -
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champagne-flute.1,4
 The femoral canal shape is measured by the 
morphological cortical index (MCI), which is a 
ratio of the outer cortical diameter (CD) divided 
by the diameter of the medullary canal (AB) [Fig.],4 
and is classified into 3 types: trumpet (MCI, >2.7), 
cylindrical (MCI, <2.7), and dysplastic. The MCI of 
the latter is similar to that of the trumpet type but the 
absolute values for the AB and CD dimensions are 
smaller. Trumpet-shaped femurs are considered ideal 
for cementless THR. The femoral morphology of the 
Asian population is suitable for cementless THR.5 The 
cylindrically shaped femurs account for only 20% of 
normal and 35% of pathological femurs. 
RESULTS
Based on the CFI, 67% of the subjects had normal 
canal shapes (CFI, 3.0–4.7), whereas 1% and 33% 
of the subjects had stovepipe shapes (CFI, <3) and 
champagne-flute shapes (CFI, 4.7–6.5), respectively 
(Table). 
 Based on the MCI, 29% of the subjects had 
cylindrical shapes (MCI, <2.7) and 71% had trumpet 
shapes (MCI, >2.7) [Table]. No significant differences 
in variables were found between different age-groups. 
DISCUSSION
Geometric data of the proximal femur enable 
assessment of the fit between the component and 
the proximal femur. A precise radiological protocol 
facilitates preoperative design of custom-made 
prostheses. 
 A shift of canal shape is observed as the bone 
ages, from a pronounced proximal canal flare (in 
young bones) to straighter canals (in older femora).9 
In our study, no such difference was noted, indicating 
differences in femoral morphology between western 
and Asian populations.
 A close match between the femur and prosthesis 
is important in both cemented and cementless 
fixations.3,10,11 Immediate, stable fixation is 
fundamental to successful cementless THR, as is the 
degree of implant-bone fit.
 In our study, a proportional relationship was not 
present between the shape and size of the medullary 
canal. Thus, implants should not be designed based 
on the average canal size proportionally scaled for 
larger and smaller canals in a particular anatomic 
range. The femoral canal does not have one universal 
shape but rather a continuum from the champagne-
flute to the stovepipe shapes. The broad range of the 
CFI also indicated a poor correlation between the 
distal and proximal dimensions of the medullary 
canal. Thus, to optimise metaphyseal load transfer in 
THR, the femoral components must be selected based 
on the proximal canal fit and not the diameter of the 
isthmus.
 Morphology of the proximal femur in our study 
population differed significantly from those in 
western populations (Table),4,9 indicating regional 
variation. It could also be due to the younger age 
(mean, 33 years) of our population. Further large-
scale studies with a wider age range of volunteers are 
therefore necessary. 
